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(54) STRUCTURE FOR CONNECTING OPTICAL WAVEGUIDE 

(57)Abstract: fa> 
PROBLEM TO BE SOLVED: To provide an optical 
waveguide connection structure that enables reduction 
in connection loss between optical waveguides of a 
different spot size in the waveguide mode, as well as 
reduction in reflection attenuation, that requires no high 
accuracy in a connecting device or operation, and that is 
easily manufactured by manufacturing process 
technology of an integrated circuit. 

SOLUTION: The optical waveguide connecting structure 
is for optically connecting, a first optical waveguide (a) 
having a first core 3 guiding/ transmitting light and a 
clad 2, whose refractive index is smaller than that of the 
first core, with a second optical waveguide (b), having a 
second core 4 that has a refractive index larger than 
that of the first core of the first optical waveguide. In 
the second core of the second optical waveguide, a 
tapered part 7 is formed, of which the dimension in the 
width direction diminishes toward the end of the second 
waveguide, while the cross sectional height is maintained 
in the longitudinal direction, and the first core of the first optical waveguide and the tapered 
part in the second core of the second optical waveguide are arranged so as to be optically 
closed to each other in a state with them being contacted or parallel with each other 
longitudinally. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The 1st optical waveguide which has the 1st core which carries out guided wave propagation 
of the light, and a clad with a refractive index smaller than this 1st core, In the optical waveguide 
connection structure of connecting optically the 2nd optical waveguide which has the 2nd core with a 
larger refractive index than the refractive index of the 1st core of this 1st optical waveguide the 2nd core 
of said 2nd optical waveguide The taper section which becomes small toward the edge of the 2nd 
waveguide about the dimension of the cross direction where the cross-section height of a longitudinal 
direction is maintained is formed. The 1st core of said 1st optical waveguide, Optical waveguide 
connection structure characterized by being arranged so that said taper section in the 2nd core of said 
2nd optical waveguide may approach a longitudinal direction optically in the state of [ parallel ] contact. 
[Claim 2] Optical waveguide connection structure according to claim 1 characterized by consisting of 
the same material with which the clad which said 1st optical waveguide and said 2nd optical waveguide 
are formed in the same substrate, and is formed in said substrate continued. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the optical waveguide connection structure of 
connecting the optical waveguides which carry out guided wave propagation of the light, and relates to 
the optical waveguide connection structure where it was suitable when the optical waveguide from 
which a refractive index differs especially was connected mutually. 
[0002] 

[Description of the Prior Art] Advanced optical signal processing is possible for the optical integrated 
circuit formed by generally accumulating optical circuit elements, such as a light emitting device, a 
photo detector, and an optical modulator, by using flat-surface optical waveguide as a wiring member, 
and it is becoming the main components in optical communication from viewpoints, such as mass- 
production nature, stability, and cost nature. Many of optical circuit elements used for this optical - 
integrated circuit have the waveguide structure based on structure in the slight optical closing depth by 
the refractive index in the interior, and efficient association with the optical waveguide which is a wiring 
member is called for. 

[0003] On the other hand, also in the flat-surface waveguide which is a wiring member in an optical 
integrated circuit, from the material of the conventional quartz system, the structure of using silicon for a 
material is studied and connection with the existing quartz system or polymer waveguide is called for. 
[0004] However, the refractive index of semi-conductors including silicon has a value big about 3 times 
from twice [ about ] in the near-infrared region chiefly used for optical communication as compared 
with it of a quartz system material or a polymer system material. Therefore, the ingredient of a clad is a 
quartz, and the cross section of the core which fulfills the single mode conditions which consist of a 
silicon ingredient is difficult to realize efficient association only by width of face becoming less than 
[ about 0.4 micrometers or it ], and only poking and uniting a waveguide end face, when a core cross 
section is a rectangle with a thickness of 0.2 micrometers. Therefore, by processing the point in the 
thickness direction in the shape of a taper, the waveguide core combined aimed at expansion of the 
diameter of the mode field, and has realized efficient association. Drawing_4 shows this conventional 
technique. Drawing 4 (a) and (b) are the schematic diagrams showing the side-face condition of the 
conventional optical waveguide connection structure. 

[0005] As shown in drawing 4 (a) and (b), the waveguide core point 100 is the form put between the 
undershirt clad 125 and the exaggerated clad 123 on the flat-surface substrate 126, and the core section 
1 24 with a refractive index higher than a perimeter and the taper section 129 from which the cross 
section changes smoothly are formed. In addition, the optical waveguides (optical fiber etc.) 101 
connected to the waveguide core point 100 are equipped with the clad 127 which consists of a quartz 
system material, and the core section 128 which consists of a quartz system material formed inside this 
clad 127, and the core section 128 has the slightly bigger refractive index than a clad 127. 
[0006] Therefore, the diameter of the mode field is expanded at the right end of the taper section 129 
with the small cross section, and the light which carried out incidence from the left end of the core 
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section 124 which is optical waveguide is combined with the core section 128 which consists of a quartz 
system material by low loss. About 0.5dB is shown by calculated value and, as for the connection loss at 
this time, the numeric value of about 0.75dB is shown by the experimental value at "opto-electronics of 
ONU (optical network unit)" (optics volume [ 24th ] No. 5 (May, 1995)). 
[0007] 

[Problem(s) to be Solved by the Invention] However, with the above mentioned conventional optical 
waveguide connection structure, it will be required the configuration of a taper part and that especially 
the cross-section configuration in a point should be processed with high degree of accuracy. Moreover, 
polish in a high precision was required for both of two waveguide end faces to connect, and the polish 
activity was serious with the aforementioned joint structure. Furthermore, it needed to position in about 
1/10 precision in a core diameter with a lower refractive index, and positioning actuation was serious 
with the aforementioned optical waveguide connection structure. 

[0008] Moreover, with the aforementioned optical waveguide connection structure, in order to 
compound two waveguides on the same flat-surface substrate since it is required to make the medial axis 
of a core with a high refractive index and a core with a low refractive index into the same flat-surface 
top, and to form, the complicated procedure accompanied by processing of the height direction will be 
required. Furthermore, with the aforementioned optical waveguide connection structure, in order to 
reduce both-ends face-to-face reflection loss, nonreflective coating etc. needed to be processed into the 
end face. 

[0009] This invention is originated in view of the aforementioned trouble, and it is possible connection 

loss of the optical waveguides from which the spot size of the trapped mode of optical waveguide 

differs, and to make return loss small, and the purpose is in moreover offering easily the optical 

waveguide connection structure which can be manufactured with an integrated-circuit manufacture 

process technique, without needing a high precision for the equipment for connection, or an activity. a 

[0010] 

[Means for Solving the Problem] In order to solve said technical problem, it constituted from this 
invention as follows. Namely, the 1st optical waveguide which has the 1st core which carries out guided 
wave propagation of the light, and a clad with a refractive index smaller than this 1st core, In the optical 
waveguide connection structure of connecting optically the 2nd optical waveguide which has the 2nd 
core with a larger refractive index than the refractive index of the 1st core of this 1st optical waveguide 
the 2nd core of said 2nd optical waveguide The taper section which becomes small toward the edge of 
the 2nd optical waveguide about the dimension of the cross direction where the cross-section height of a 
longitudinal direction is maintained is formed. The 1st core of said 1st optical waveguide, It considered 
as the optical waveguide connection structure arranged so that said taper section in the 2nd core of said 
2nd waveguide may approach a longitudinal direction optically in the state of [ parallel ] contact. 
[001 1] Thus, as the trapped mode in the connection parts of this 1st core and the 2nd core goes to the 
side which outputs light from the side which inputs light by being constituted From a larger condition 
than the optical power to which the optical power which passes the core of near optical waveguide 
which inputs light passes the core of the optical waveguide of the side to output The optical power 
which passes the core of the optical waveguide of the side which outputs light comes to change to a 
larger condition than the optical power which passes the core of near optical waveguide to input 
gradually. 

[0012] Moreover, in the above mentioned optical waveguide connection structure, it considered as the 
optical waveguide connection structure constituted so that it might consist of the same material with 
which the clad which said 1st optical waveguide and said 2nd optical waveguide are formed in the same 
substrate, and is formed in said substrate continued. Thus, by constituting, there is an advantage that it is 
connectable by low loss. Moreover, there is an advantage which does not need processing of the height 
direction of the taper section. 
[0013] 

[Embodiment of the Invention] Hereafter, the optical waveguide connection structure concerning this 
invention is explained to a detail with reference to a drawing. Drawin g 1 is the gestalt of the first 
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operation concerning this invention. The mimetic diagram in which drawin g 1 (a) shows the transverse- 
plane condition of optical waveguide connection structure, the mimetic diagram in which (b) shows the 
flat-surface condition of (a), and (c) are the mimetic diagrams showing the right lateral condition of (a). 
[0014] As shown in drawing 1 (a), (b), and (c), the 1st optical waveguide a is equipped with the flat- 
surface substrate 1 , the undershirt clad 2 which consists of a quartz system material of this flat-surface 
substrate 1 formed in a field on the other hand, and the optical waveguide core 3 (the 1st core) which 
consists of a quartz system material of this undershirt clad 2 formed along the center of a field on the 
other hand. 

[0015] Moreover, the undershirt clad 5 which the 2nd optical waveguide b becomes from the quartz 
system material of the flat-surface substrate 6 and this flat-surface substrate 6 formed in a field on the 
other hand, The optical waveguide core 4 (the 2nd core) which consists of silicon of this undershirt clad 
5 formed along a center in a field on the other hand, It has the taper section 7 formed in the edge of this 
optical waveguide core 4 by changing continuously so that it might become thin as a width method is 
gone at a tip, where the cross-section height (thickness) of that optical waveguide core 4 is maintained. 
[0016] And the taper section 7 of the 2nd optical waveguide b is arranged in the condition of having 
been arranged so that the optical waveguide core 3 and longitudinal direction of the 1 st optical 
waveguide a may be optically approached in the state of [ parallel ] contact. In addition, it is considering 
as the condition of having combined the 1st optical waveguide a and the 2nd optical waveguide b 
through connection members, such as photo-curing resin, here, the condition of shifting in parallel 
within the width of face of the optical waveguide core 3 although it is desirable for axes to be in 
agreement as for the physical relationship of the taper section 7 and the optical waveguide core 3 ~ or 
strict adjustment is not needed that what is necessary is just in the condition which is extent to which the 
taper section 7 is settled in the width of face of the optical waveguide core 3. moreover, the light spread 
as approaching optically in the parallel condition - the inside of loss of tolerance - suitable - while — 
from — it is in the condition which can get across to another side. 

[0017] Although the refractive index of the undershirt clad 2 and the optical waveguide core 3, and the 
undershirt clad 5 changes with an addition impurity and operating wavelength bands, in the field of 
near-infrared light, all are 1.4 to about 1.5 in general. On the other hand, the refractive index of the 
optical waveguide core 4 is about 3.4 in general. The thickness of the optical waveguide core 4 is about 
0.2 micrometers, width of face is about 0.4 micrometers, and each the thickness and width of face of the 
optical waveguide core 3 are 21 micrometers - about 10 micrometers. 

[0018] Moreover, the taper section 7 is formed so that it may become less than [ 0.1 micrometers or it ], 
as the width of face goes to a right end (tip) from the width of face of the optical waveguide core 4 in a 
left end (optical waveguide core 4 side). The die length of this taper section 7 is formed in about 1mm 
from about dozens of micrometers. The width of face and die length of this taper section 7 will not be 
especially limited, if it is formed in the dimension from which actuation becomes easy when performing 
positioning etc. to the near optical waveguide core which connects. In addition, the dimension of each 
above mentioned configuration may be except the dimension mentioned here. 
[0019] Below, the propagation condition of the light in optical waveguide connection structure is 
explained. The light which carried out incidence from the left end side of the optical waveguide core 4 
spreads the optical waveguide core 4, and arrives at the left end location of the taper section 7. Although 
a part of light reflects by the difference in the refractive index of the air which carries out the role of the 
clad of the optical waveguide core 4 in the left end of the optical waveguide core 3, and the optical 
waveguide core 3, since the difference in the refractive index of air and the optical waveguide core 3 is 
relatively small compared with the difference in the refractive index of the optical waveguide core 4, air 
or the taper section 7, and the optical waveguide core 3, this reflected light reinforcement is weak. 
[0020] The slight closing depth of narrowing light tends to become [ core width of face ] weak 
gradually, and the mode field tends to spread around as light spreads the taper section 7 rightward in 
drawing 1 . However, since the optical waveguide core 3 with a refractive index higher than the 
undershirt clads 2 and 5 adjoins and exists at this time, it moves from distribution of optical power only 
to the optical waveguide core 3 gradually from the optical waveguide core 4. 
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[0021] Although reflection occurs in part, the right end section (tip) of the taper section 7 also has a 
small cross section enough, and since the effective refractive index is small, the reflected light generated 
in this location is slight [ section ]. When incidence is carried out from the right end section of the 
optical waveguide core 3 contrary to the above, distribution of light moves to the optical waveguide core 
4 through the optical waveguide core 3 and the taper section 7 conversely exactly as light advances from 
the right to the left, thus, the thing for which the optical waveguide core 3 and the optical waveguide 
core 4 are connected through the taper section 7 — a refractive index — things — the optical waveguide 
connection structure where it was suitable when optical waveguide was connected can be constituted. 
[0022] In addition, since the taper section 7 is changing only width of face, maintaining the height of the 
cross section of a longitudinal direction mostly, it does not need processing of the height direction. 
There is an advantage that processing using lithography, etching, etc. can be easily performed by this. 
Moreover, although the field condition of the taper part of the taper section 7 needs to be smooth enough 
as compared with the wavelength spread, as long as it is irregularity detailed enough if needed on 
creation, you may exist. Moreover, although the taper is expressed with drawin g 1 in a straight line, in it, 
it may be a smooth curve. 

[0023] furthermore, although considered as about 1 law, even if it changes somewhat towards height 
decreasing in the part to which width of face becomes thin by the taper point as a result of processing, if 
the height of the taper section 7 has this continuous and loose, it will not be cared about. Moreover, 
although silicon and a quartz were mentioned as a material which constitutes waveguide here, it may not 
pass over this to one instantiation, but it may be other semiconductor materials, a glass material, 
polymer materials, etc., such as gallium arsenide and indium phosphide. 

[0024] With reference to drawing 2 , the gestalt of the 2nd operation in this invention is explained 
below. The mimetic diagram in which drawing 2 (a) shows the transverse-plane condition of optical 
waveguide connection structure, the mimetic diagram in which (b) shows the flat-surface condition of 
(a), and (c) are the mimetic diagrams showing the right lateral condition of (a). 
[0025] As shown in drawin g 2 (a), (b), and (c), optical waveguide A The flat-surface substrate 12 and 
the undershirt clad 9 which consists of a quartz system material of this flat-surface substrate 12 formed 
in the field on the other hand, The optical waveguide core 10 (the 2nd core) of this undershirt clad 9 
formed in the rectangle cross section along with the mid gear in the field on the other hand, The taper 
section 13 formed in the edge of the longitudinal direction of this optical waveguide core 10 so that a 
width method might become small as it went at that tip, It has the exaggerated clad 8 which consists of a 
quartz material formed so that the whole surface of the optical waveguide core 1 1 (the 1st core) formed 
in the rectangle cross section of this taper section 13 which consists of a quartz system material so that a 
field may be contacted on the other hand, and the this optical waveguide core 1 1 and said optical 
waveguide core 10 might be contacted. 

[0026] in addition, although it is desirable to have consistency in the condition that the axis of the 
optical waveguide core 1 1 and the taper section 13 is in agreement along with a longitudinal direction as 
for the adjustment condition of the taper section 13 and the optical waveguide core 1 1, it is in the 
condition which shifts in parallel within the width of face of the optical waveguide core 1 1 — moreover, 
the light which the taper section 13 is arranged in the width of face of the optical waveguide core 11, 
and spreads - the inside of loss of tolerance — suitable - while - from - what is necessary is just in the 
condition which can get across to another side 

[0027] Although the refractive index of the exaggerated clad 8, the undershirt clad 9, and the optical 
waveguide core 1 1 changes with an addition impurity and operating wavelength bands, in the field of 
near-infrared light, all are 1.4 to about 1.5 in general. On the other hand, the refractive index of the 
optical waveguide core 10 is about 3.4 in general. 

[0028] The thickness is constituted by about 0.2 micrometers and, as for the optical waveguide core 10, 
width of face is constituted by about 0.4 micrometers. Moreover, as for the optical waveguide core 11, 
each of the thickness and width of face are constituted by 2 micrometers - about 10 micrometers. 
[0029] It is constituted so that the width of face of the taper section 13 may be equal to the width of face 
of the optical waveguide core 10 in a left end side (optical waveguide core 10 side) and it may become 
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less than [ 0. 1 micrometers or it ] at a tip side (right-hand side). And this taper section 1 3 is constituted 
so that that die length may be set to about 1mm from about dozens of micrometers. In addition, the 
dimension of each above mentioned configuration may be except the dimension mentioned here. 
[0030] Moreover, although the convex was prepared in the top face of the undershirt clad 9 and the 
inferior surface of tongue of the optical waveguide core 1 1 was made into the flat in drawing 2 Since the 
thickness of the optical waveguide core 10 is fully small as compared with the thickness of the optical 
waveguide core 1 1 Heights are prepared so that it may be on the optical waveguide core 1 1 side instead 
of the undershirt clad 9 with a convex caudad, and in the top face of the undershirt clad 9, even if it 
makes it like, it is changeless in the even effectiveness by this invention, and manufacture by the 
lithography process technique becomes easier. 

[0031] This example constitutes the 1st and the 2nd waveguide from which the quality of the material 
and spot size differ on the same substrate, also constitutes the part which connects these on the same 
substrate, and has the advantage that it is connectable by low loss. Moreover, since processing of the 
height direction of the taper section is not needed, there is also an advantage of processing being easy 
and being easy to make it. 

[0032] Below, the transfer condition of the light transmitted to the optical waveguide core 1 1 from the 
optical waveguide core 10 is explained. The light which carried out incidence from the left end side of 
the optical waveguide core 10 spreads the optical waveguide core 10, and arrives at the left end side of 
the taper section 13. Although a part of light reflects on the boundary line of the exaggerated clad 8 and 
the optical waveguide core 1 1 , since the differences in the refractive index of the exaggerated clad 8 and 
the optical waveguide core 1 1 are very few compared with the difference in the refractive index of the 
optical waveguide core 10, the exaggerated clad 8, or the taper section 13 and the optical waveguide 
core 1 1 , the reflected light generated in this location is very slight. 

[0033] Although light tends to be closed as the width of face of the taper section 13 narrows gradually, 
slight depth tends to become weak and the mode field tends to spread around, since the optical 
waveguide core 1 1 with a refractive index higher than the exaggerated clad 8 and the undershirt clad 9 
adjoins and exists, distribution of optical power moves from the optical waveguide core 10 only to the 
optical waveguide core 1 1 gradually through the taper section 13. Although light generates reflection in 
part also in the point of the taper section 13, the cross section of the taper section 13 is small enough, 
and since the effective refractive index is small, the reflected light generated in this location is very 
slight. 

[0034] When light carries out incidence from the right end section of the optical waveguide core 1 1 
contrary to the above, distribution of optical power moves to the optical waveguide core 10 through the 
taper section 1 3 conversely from the optical waveguide core 1 1 exactly as it goes on from the right to 
the left. 

[0035] You may exist, as long as it is irregularity detailed enough if needed on manufacture, although 
the taper section 1 3 needs to have enough the smooth field condition of the taper (inclination) part as 
compared with wavelength. Moreover, although the taper is expressed with drawin g 2 in a straight line, 
in it, it may be a smooth curve. 

[0036] Below, with reference to drawin g 3 , the gestalt of the 3rd operation in this invention is 
explained. The mimetic diagram in which drawin g 3 (a) shows the transverse-plane condition of optical 
waveguide connection structure, the mimetic diagram in which (b) shows the flat-surface condition of 
the optical waveguide connection structure of (a), and (c) are the mimetic diagrams showing the right 
lateral condition of the optical waveguide connection structure of (a). In addition, by drawin g 3 , the 1st 
module which has the 1st optical waveguide c which estranged to right and left of the flat-surface 
substrate 2 1 , and was formed in one, and the 2nd optical waveguide d, and both the optical waveguides c 
and d explain the configuration which connects the 2nd module which is the 3rd optical waveguide e 
formed in another object. 

[0037] The undershirt clad 1 5 which the 3rd optical waveguide e becomes from the quartz system 
material of the flat-surface substrate 14 and this flat-surface substrate 14 formed in the field on the other 
hand, It has the 1st taper section 16 and the 2nd taper section 17 which were formed so that width of 
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face might become narrow as it goes to right and left of the optical waveguide core 22 (the 2nd core) of 
the rectangle cross section of this undershirt clad 15 formed along the center in the field on the other 
hand, and this optical waveguide core 22 at the edge. 

[0038] Moreover, the 1st optical waveguide c and the 2nd optical waveguide d It has in common the 
undershirt clad 20 which consists of a flat-surface substrate 21 and a quartz system material of this flat- 
surface substrate 21 formed in the field on the other hand. It has the 1st optical waveguide core 18 (the 
1 st core) formed in the rectangle cross section along the center by right and left of heights part 20a 
formed in the predetermined location of this undershirt clad 20, and the 2nd optical waveguide core 19 
(the 1 st core). 

[0039] And the 1st taper section 16 and the 2nd taper section 17 of the 3rd optical waveguide e perform 
precision positioning, and join the 1st module and the 2nd module through joint material, such as photo- 
curing resin, so that it may overlap on the 1 st optical waveguide core 1 8 of the 1 st optical waveguide c 
and the 2nd optical waveguide d, and the 2nd optical waveguide core 19. 

[0040] at this time, the amount of tolerance of location gap of the 1st taper section 16 which doubled the 
manufacture error and the locational error, the 1 st optical waveguide core 1 8 and the 2nd taper section 
1 7, and the 2nd optical waveguide core 19 is extent settled in the width of face of the 1st optical 
waveguide core 1 8 and the 2nd optical waveguide core 19, and is alike and looser than the approach 
using the conventional technique. Therefore, it becomes easy to accumulate semi-conductor optical 
circuit components with two or more I/O optical waveguides on quartz mold optical waveguide. 
[0041] In addition, although the group of two optical waveguides has combined with the flat-surface 
substrate on the same straight line in drawin g 3 at one You may be the group of the optical waveguide 
beyond three or it, and may be the configuration that the optical waveguide combined is formed 
separately. Furthermore, it is good also as a configuration in which the optical waveguide for forming in 
two or more parallel, a radial, etc. the core which the physical relationship of each optical waveguide 
equips with the taper section formed in a clad, and connecting with each taper section is contacted. In 
addition, the physical relationship of the optical waveguide to connect may be the physical relationship 
of other arbitration, moreover, the optical waveguide core 22 ~ the optical function part of arbitration - 
it is - ****ing -- for example, the configuration of an optical switch ~ or it is not necessary to have 
waveguide structure, and you may be the configuration of an optical filter, and it does not matter 
especially even if it is wavelength dispersion prism etc. Furthermore, in drawin g 1 thru/or drawin g 3 , as 
optical waveguide connection structure, although the cross-section configuration of each optical 
waveguide was explained as a rectangle cross section, even if it is the other cross-section configuration, 
if it is a configuration equipped with the taper section of this invention, the cross-section configuration 
will not be limited especially. 
[0042] 

[Effect of the Invention] the taper section in which the optical waveguide connection structure of 
performing optical coupling of two optical waveguides forms a taper crosswise according to this 
invention - minding - guided wave MODOHE of the optical waveguide of the trapped mode of the 
optical waveguide of an input side to an output side - in order to change gradually, the trapped mode of 
the optical waveguide of an input side is intermittently changed into the trapped mode of the optical 
waveguide of an output side. By this, since there is no rapid change of waveguide structure which little 
connection of loss of is attained and causes reflective in the propagation direction of light when the spot 
size of the optical waveguide of an input side and an output side does not have consistency, reflective 
return light in the bond part of a connection part can be lessened extremely, and return loss can be made 
small to less than [ it ] compared with the conventional technique. And since optical waveguide 
connection structure does not have the structure accompanied by change of the thickness direction, it is 
suitable for manufacture by a lithography process technique etc., and it becomes easy high precision 
processing and to mass-produce it. 

[0043] Moreover, since two optical waveguides in the bond part of a connection part do not need to 
adjust an effective refractive index to a specific value correctly, optical waveguide connection structure 
It is not necessary to control **** of optical waveguide strictly, and the relative amount of location gaps 
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of two optical waveguides in association further again With the core cross section and equivalent extent 
of big, the optical waveguide with small relative index difference, i.e., the core cross section, of a core 
and a clad, optical waveguide, since it is good, a high precision is not needed for the activity for 
connection. 

[0044] Furthermore, optical waveguide connection structure has the advantage that the connection 
structure of low loss can be manufactured by easy processing, when making two or more optical circuits 
where the quality of the material differs from spot size on the same substrate and connecting these 
mutually on this substrate. Therefore, optical waveguide connection structure can be used the the best 
for a high Brit integrated circuit. In addition, optical waveguide connection structure becomes easy 
[ accumulating semi-conductor optical circuit components with two or more I/O optical waveguides on 
quartz mold optical waveguide ]. 

[Translation done.] 
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JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



TECHNICAL FIELD 



[Field of the Invention] This invention relates to the optical waveguide connection structure of 
connecting the optical waveguides which carry out guided wave propagation of the light, and relates to 
the optical waveguide connection structure where it was suitable when the optical waveguide from 
which a refractive index differs especially was connected mutually. 



[Translation done.] 
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PRIOR ART 



[Description of the Prior Art] Advanced optical signal processing is possible for the optical integrated 
circuit formed by generally accumulating optical circuit elements, such as a light emitting device, a 
photo detector, and an optical modulator, by using flat-surface optical waveguide as a wiring member, 
and it is becoming the main components in optical communication from viewpoints, such as mass- 
production nature, stability, and cost nature. Many of optical circuit elements used for this optical 
integrated circuit have the waveguide structure based on structure in the slight optical closing depth by 
the refractive index in the interior, and efficient association with the optical waveguide which is a wiring 
member is called for. 

[0003] On the other hand, also in the flat-surface waveguide which is a wiring member in an optical 
integrated circuit, from the material of the conventional quartz system, the structure of using silicon for a 
material is studied and connection with the existing quartz system or polymer waveguide is called for. 
[0004] However, the refractive index of semi-conductors including silicon has a value big about 3 times 
from twice [ about ] in the near-infrared region chiefly used for optical communication as compared 
with it of a quartz system material or a polymer system material. Therefore, the ingredient of a clad is a 
quartz, and the cross section of the core which fulfills the single mode conditions which consist of a 
silicon ingredient is difficult to realize efficient association only by width of face becoming less than 
[ about 0.4 micrometers or it ], and only poking and uniting a waveguide end face, when a core cross 
section is a rectangle with a thickness of 0.2 micrometers. Therefore, by processing the point in the 
thickness direction in the shape of a taper, the waveguide core combined aimed at expansion of the 
diameter of the mode field, and has realized efficient association. Drawin g 4 shows this conventional 
technique. Drawjng.4 (a) and (b) are the schematic diagrams showing the side-face condition of the 
conventional optical waveguide connection structure. 

[0005] As shown in drawin g 4 (a) and (b), the waveguide core point 100 is the form put between the 
undershirt clad 125 and the exaggerated clad 123 on the flat-surface substrate 126, and the core section 
124 with a refractive index higher than a perimeter and the taper section 129 from which the cross 
section changes smoothly are formed. In addition, the optical waveguides (optical fiber etc.) 101 
connected to the waveguide core point 100 are equipped with the clad 127 which consists of a quartz 
system material, and the core section 128 which consists of a quartz system material formed inside this 
clad 127, and the core section 128 has the slightly bigger refractive index than a clad 127. 
[0006] Therefore, the diameter of the mode field is expanded at the right end of the taper section 129 
with the small cross section, and the light which carried out incidence from the left end of the core 
section 124 which is optical waveguide is combined with the core section 128 which consists of a quartz 
system material by low loss, the connection loss at this time — for example 
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EFFECT OF THE INVENTION 



[Effect of the Invention] the taper section in which the optical waveguide connection structure of 
performing optical coupling of two optical waveguides forms a taper crosswise according to this 
invention - minding - guided wave MODOHE of the optical waveguide of the trapped mode of the 
optical waveguide of an input side to an output side — in order to change gradually, the trapped mode of 
the optical waveguide of an input side is intermittently changed into the trapped mode of the optical 
waveguide of an output side. By this, since there is no rapid change of waveguide structure which little 
connection of loss of is attained and causes reflective in the propagation direction of light when the spot 
size of the optical waveguide of an input side and an output side does not have consistency, reflective 
return light in the bond part of a connection part can be lessened extremely, and return loss can be made 
small to less than [ it ] compared with the conventional technique. And since optical waveguide 
connection structure does not have the structure accompanied by change of the thickness direction, it is 
suitable for manufacture by a lithography process technique etc., and it becomes easy high precision 
processing and to mass-produce it. 

[0043] Moreover, since two optical waveguides in the bond part of a connection part do not need to 
adjust an effective refractive index to a specific value correctly, optical waveguide connection structure 
It is not necessary to control **** of optical waveguide strictly, and the relative amount of location gaps 
of two optical waveguides in association further again With the core cross section and equivalent extent 
of big, the optical waveguide with small relative index difference, i.e., the core cross section, of a core 
and a clad, optical waveguide, since it is good, a high precision is not needed for the activity for 
connection. 

[0044] Furthermore, optical waveguide connection structure has the advantage that the connection 
structure of low loss can be manufactured by easy processing, when making two or more optical circuits 
where the quality of the material differs from spot size on the same substrate and connecting these 
mutually on this substrate. Therefore, optical waveguide connection structure can be used the the best 
for a high Brit integrated circuit. In addition, optical waveguide connection structure becomes easy 
[ accumulating semi-conductor optical circuit components with two or more I/O optical waveguides on 
quartz mold optical waveguide ]. 
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MEANS 



[Means for Solving the Problem] In order to solve said technical problem, it constituted from this 
invention as follows. Namely, the 1st optical waveguide which has the 1st core which carries out guided 
wave propagation of the light, and a clad with a refractive index smaller than this 1st core, In the optical 
waveguide connection structure of connecting optically the 2nd optical waveguide which has the 2nd 
core with a larger refractive index than the refractive index of the 1st core of this 1st optical waveguide 
the 2nd core of said 2nd optical waveguide The taper section which becomes small toward the edge of 
the 2nd optical waveguide about the dimension of the cross direction where the cross-section height of a 
longitudinal direction is maintained is formed. The 1st core of said 1st optical waveguide, It considered 
as the optical waveguide connection structure arranged so that said taper section in the 2nd core of said 
2nd waveguide may approach a longitudinal direction optically in the state of [ parallel ] contact. 
[001 1] Thus, as the trapped mode in the connection parts of this 1st core and the 2nd core goes to the 
side which outputs light from the side which inputs light by being constituted From a larger condition 
than the optical power to which the optical power which passes the core of near optical waveguide 
which inputs light passes the core of the optical waveguide of the side to output The optical power 
which passes the core of the optical waveguide of the side which outputs light comes to change to a 
larger condition than the optical power which passes the core of near optical waveguide to input 
gradually. 

[0012] Moreover, in the above mentioned optical waveguide connection structure, it considered as the 
optical waveguide connection structure constituted so that it might consist of the same material with 
which the clad which said 1 st optical waveguide and said 2nd optical waveguide are formed in the same 
substrate, and is formed in said substrate continued. Thus, by constituting, there is an advantage that it is 
connectable by low loss. Moreover, there is an advantage which does not need processing of the height 
direction of the taper section. 
[0013] 

[Embodiment of the Invention] Hereafter, the optical waveguide connection structure concerning this 
invention is explained to a detail with reference to a drawing. Drawin g 1 is the gestalt of the first 
operation concerning this invention. The mimetic diagram in which drawin g 1 (a) shows the transverse- 
plane condition of optical waveguide connection structure, the mimetic diagram in which (b) shows the 
flat-surface condition of (a), and (c) are the mimetic diagrams showing the right lateral condition of (a). 
[0014] As shown in drawing A (a), (b), and (c), the 1st optical waveguide a is equipped with the flat- 
surface substrate 1, the undershirt clad 2 which consists of a quartz system material of this flat-surface 
substrate 1 formed in a field on the other hand, and the optical waveguide core 3 (the 1st core) which 
consists of a quartz system material of this undershirt clad 2 formed along the center of a field on the 
other hand. 

[0015] Moreover, the undershirt clad 5 which the 2nd optical waveguide b becomes from the quartz 
system material of the flat-surface substrate 6 and this flat-surface substrate 6 formed in a field on the 
other hand, The optical waveguide core 4 (the 2nd core) which consists of silicon of this undershirt clad 
5 formed along a center in a field on the other hand, It has the taper section 7 formed in the edge of this 
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optical waveguide core 4 by changing continuously so that it might become thin as a width method is 
gone at a tip, where the cross-section height (thickness) of that optical waveguide core 4 is maintained. 
[0016] And the taper section 7 of the 2nd optical waveguide b is arranged in the condition of having 
been arranged so that the optical waveguide core 3 and longitudinal direction of the 1 st optical 
waveguide a may be optically approached in the state of [ parallel ] contact. In addition, it is considering 
as the condition of having combined the 1st optical waveguide a and the 2nd optical waveguide b 
through connection members, such as photo-curing resin, here, the condition of shifting in parallel 
within the width of face of the optical waveguide core 3 although it is desirable for axes to be in 
agreement as for the physical relationship of the taper section 7 and the optical waveguide core 3 - or 
strict adjustment is not needed that what is necessary is just in the condition which is extent to which the 
taper section 7 is settled in the width of face of the optical waveguide core 3. moreover, the light spread 
as approaching optically in the parallel condition - the inside of loss of tolerance - suitable - while - 
from — it is in the condition which can get across to another side. 

[0017] Although the refractive index of the undershirt clad 2 and the optical waveguide core 3, and the 
undershirt clad 5 changes with an addition impurity and operating wavelength bands, in the field of 
near-infrared light, all are 1 .4 to about 1 .5 in general. On the other hand, the refractive index of the 
optical waveguide core 4 is about 3.4 in general. The thickness of the optical waveguide core 4 is about 
0.2 micrometers, width of face is about 0.4 micrometers, and each the thickness and width of face of the 
optical waveguide core 3 are 21 micrometers - about 10 micrometers. 

[001 8] Moreover, the taper section 7 is formed so that it may become less than [ 0.1 micrometers or it ], 
as the width of face goes to a right end (tip) from the width of face of the optical waveguide core 4 in a 
left end (optical waveguide core 4 side). The die length of this taper section 7 is formed in about 1mm 
from about dozens of micrometers. The width of face and die length of this taper section 7 will not be 
especially limited, if it is formed in the dimension from which actuation becomes easy when performing 
positioning etc. to the near optical waveguide core which connects. In addition, the dimension of each 
above mentioned configuration may be except the dimension mentioned here. 
[0019] Below, the propagation condition of the light in optical waveguide connection structure is 
explained. The light which carried out incidence from the left end side of the optical waveguide core 4 
spreads the optical waveguide core 4, and arrives at the left end location of the taper section 7. Although 
a part of light reflects by the difference in the refractive index of the air which carries out the role of the 
clad of the optical waveguide core 4 in the left end of the optical waveguide core 3, and the optical 
waveguide core 3, since the difference in the refractive index of air and the optical waveguide core 3 is 
relatively small compared with the difference in the refractive index of the optical waveguide core 4, air 
or the taper section 7, and the optical waveguide core 3, this reflected light reinforcement is weak. 
[0020] The slight closing depth of narrowing light tends to become [ core width of face ] weak 
gradually, and the mode field tends to spread around as light spreads the taper section 7 rightward in 
drawing I . However, since the optical waveguide core 3 with a refractive index higher than the 
undershirt clads 2 and 5 adjoins and exists at this time, it moves from distribution of optical power only 
to the optical waveguide core 3 gradually from the optical waveguide core 4. 
[0021] Although reflection occurs in part, the right end section (tip) of the taper section 7 also has a 
small cross section enough, and since the effective refractive index is small, the reflected light generated 
in this location is slight [ section ]. When incidence is carried out from the right end section of the 
optical waveguide core 3 contrary to the above, distribution of light moves to the optical waveguide core 
4 through the optical waveguide core 3 and the taper section 7 conversely exactly as light advances from 
the right to the left, thus, the thing for which the optical waveguide core 3 and the optical waveguide 
core 4 are connected through the taper section 7 ~ a refractive index — things - the optical waveguide 
connection structure where it was suitable when optical waveguide was connected can be constituted. 
[0022] In addition, since the taper section 7 is changing only width of face, maintaining the height of the 
cross section of a longitudinal direction mostly, it does not need processing of the height direction. 
There is an advantage that processing using lithography, etching, etc. can be easily performed by this. 
Moreover, although the field condition of the taper part of the taper section 7 needs to be smooth enough 
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as compared with the wavelength spread, as long as it is irregularity detailed enough if needed on 
creation, you may exist. Moreover, although the taper is expressed with drawin g 1 in a straight line, in it, 
it may be a smooth curve. 

[0023] furthermore, although considered as about 1 law, even if it changes somewhat towards height 
decreasing in the part to which width of face becomes thin by the taper point as a result of processing, if 
the height of the taper section 7 has this continuous and loose, it will not be cared about. Moreover, 
although silicon and a quartz were mentioned as a material which constitutes waveguide here, it may not 
pass over this to one instantiation, but it may be other semiconductor materials, a glass material, 
polymer materials, etc., such as gallium arsenide and indium phosphide. 

[0024] With reference to drawin g 2 , the gestalt of the 2nd operation in this invention is explained 
below. The mimetic diagram in which drawin g 2 (a) shows the transverse-plane condition of optical 
waveguide connection structure, the mimetic diagram in which (b) shows the flat-surface condition of 
(a), and (c) are the mimetic diagrams showing the right lateral condition of (a). 
[0025] As shown in drawing 2 (a), (b), and (c), optical waveguide A The flat-surface substrate 12 and 
the undershirt clad 9 which consists of a quartz system material of this flat-surface substrate 12 formed 
in the field on the other hand, The optical waveguide core 10 (the 2nd core) of this undershirt clad 9 
formed in the rectangle cross section along with the mid gear in the field on the other hand, The taper 
section 13 formed in the edge of the longitudinal direction of this optical waveguide core 10 so that a 
width method might become small as it went at that tip, It has the exaggerated clad 8 which consists of a 
quartz material formed so that the whole surface of the optical waveguide core 1 1 (the 1 st core) formed 
in the rectangle cross section of this taper section 13 which consists of a quartz system material so that a 
field may be contacted on the other hand, and the this optical waveguide core 1 1 and said optical 
waveguide core 10 might be contacted. 

[0026] in addition, although it is desirable to have consistency in the condition that the axis of the 
optical waveguide core 1 1 and the taper section 1 3 is in agreement along with a longitudinal direction as 
for the adjustment condition of the taper section 13 and the optical waveguide core 1 1, it is in the 
condition which shifts in parallel within the width of face of the optical waveguide core 1 1 - moreover, 
the light which the taper section 13 is arranged in the width of face of the optical waveguide core 11, 
and spreads - the inside of loss of tolerance - suitable - while - from - what is necessary is just in the 
condition which can get across to another side 

[0027] Although the refractive index of the exaggerated clad 8, the undershirt clad 9, and the optical 
waveguide core 1 1 changes with an addition impurity and operating wavelength bands, in the field of 
near-infrared light, all are 1.4 to about 1.5 in general. On the other hand, the refractive index of the 
optical waveguide core 10 is about 3.4 in general. 

[0028] The thickness is constituted by about 0.2 micrometers and, as for the optical waveguide core 10, 
width of face is constituted by about 0.4 micrometers. Moreover, as for the optical waveguide core 11, 
each of the thickness and width of face are constituted by 2 micrometers - about 10 micrometers. 
[0029] It is constituted so that the width of face of the taper section 13 may be equal to the width of face 
of the optical waveguide core 10 in a left end side (optical waveguide core 10 side) and it may become 
less than [ 0.1 micrometers or it ] at a tip side (right-hand side). And this taper section 1 3 is constituted 
so that that die length may be set to about 1mm from about dozens of micrometers. In addition, the 
dimension of each above mentioned configuration may be except the dimension mentioned here. 
[0030] Moreover, although the convex was prepared in the top face of the undershirt clad 9 and the 
inferior surface of tongue of the optical waveguide core 1 1 was made into the flat in drawj.ngJ2 Since the 
thickness of the optical waveguide core 10 is fully small as compared with the thickness of the optical 
waveguide core 1 1 Heights are prepared so that it may be on the optical waveguide core 1 1 side instead 
of the undershirt clad 9 with a convex caudad, and in the top face of the undershirt clad 9, even if it 
makes it like, it is changeless in the even effectiveness by this invention, and manufacture by the 
lithography process technique becomes easier. 

[003 1] This example constitutes the 1st and the 2nd waveguide from which the quality of the material 
and spot size differ on the same substrate, also constitutes the part which connects these on the same 
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substrate, and has the advantage that it is connectable by low loss. Moreover, since processing of the 
height direction of the taper section is not needed, there is also an advantage of processing being easy 
and being easy to make it. 

[0032] Below, the transfer condition of the light transmitted to the optical waveguide core 1 1 from the 
optical waveguide core 10 is explained. The light which carried out incidence from the left end side of 
the optical waveguide core 10 spreads the optical waveguide core 10, and arrives at the left end side of 
the taper section 13. Although a part of light reflects on the boundary line of the exaggerated clad 8 and 
the optical waveguide core 1 1 , since the differences in the refractive index of the exaggerated clad 8 and 
the optical waveguide core 1 1 are very few compared with the difference in the refractive index of the 
optical waveguide core 10, the exaggerated clad 8, or the taper section 13 and the optical waveguide 
core 1 1, the reflected light generated in this location is very slight. 

[0033] Although light tends to be closed as the width of face of the taper section 13 narrows gradually, 
slight depth tends to become weak and the mode field tends to spread around, since the optical 
waveguide core 1 1 with a refractive index higher than the exaggerated clad 8 and the undershirt clad 9 
adjoins and exists, distribution of optical power moves from the optical waveguide core 10 only to the 
optical waveguide core 1 1 gradually through the taper section 13. Although light generates reflection in 
part also in the point of the taper section 13, the cross section of the taper section 13 is small enough, 
and since the effective refractive index is small, the reflected light generated in this location is very 
slight. 

[0034] When light carries out incidence from the right end section of the optical waveguide core 1 1 
contrary to the above, distribution of optical power moves to the optical waveguide core 10 through the 
taper section 1 3 conversely from the optical waveguide core 1 1 exactly as it goes on from the right to 
the left. 

[0035] You may exist, as long as it is irregularity detailed enough if needed on manufacture, although 
the taper section 1 3 needs to have enough the smooth field condition of the taper (inclination) part as 
compared with wavelength. Moreover, although the taper is expressed with drawin g 2 in a straight line, 
in it, it may be a smooth curve. 

[0036] Below, with reference to drawin g 3 , the gestalt of the 3rd operation in this invention is 
explained. The mimetic diagram in which drawing_3 (a) shows the transverse-plane condition of optical 
waveguide connection structure, the mimetic diagram in which (b) shows the flat-surface condition of 
the optical waveguide connection structure of (a), and (c) are the mimetic diagrams showing the right 
lateral condition of the optical waveguide connection structure of (a). In addition, by drawin g 3 , the 1st 
module which has the 1st optical waveguide c which estranged to right and left of the flat-surface 
substrate 21, and was formed in one, and the 2nd optical waveguide d, and both the optical waveguides c 
and d explain the configuration which connects the 2nd module which is the 3rd optical waveguide e 
formed in another object. 

[0037] The undershirt clad 15 which the 3rd optical waveguide e becomes from the quartz system 
material of the flat-surface substrate 14 and this flat-surface substrate 14 formed in the field on the other 
hand, It has the 1st taper section 16 and the 2nd taper section 17 which were formed so that width of 
face might become narrow as it goes to right and left of the optical waveguide core 22 (the 2nd core) of 
the rectangle cross section of this undershirt clad 15 formed along the center in the field on the other 
hand, and this optical waveguide core 22 at the edge. 

[0038] Moreover, the 1st optical waveguide c and the 2nd optical waveguide d It has in common the 
undershirt clad 20 which consists of a flat-surface substrate 21 and a quartz system material of this flat- 
surface substrate 21 formed in the field on the other hand. It has the 1st optical waveguide core 18 (the 
1st core) formed in the rectangle cross section along the center by right and left of heights part 20a 
formed in the predetermined location of this undershirt clad 20, and the 2nd optical waveguide core 19 
(the 1st core). 

[0039] And the 1st taper section 16 and the 2nd taper section 17 of the 3rd optical waveguide e perform 
precision positioning, and join the 1st module and the 2nd module through joint material, such as photo- 
curing resin, so that it may overlap on the 1st optical waveguide core 18 of the 1st optical waveguide c 
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and the 2nd optical waveguide d, and the 2nd optical waveguide core 19. 

[0040] at this time, the amount of tolerance of location gap of the 1st taper section 16 which doubled the 
manufacture error and the locational error, the 1st optical waveguide core 18 and the 2nd taper section 
1 7, and the 2nd optical waveguide core 19 is extent settled in the width of face of the 1 st optical 
waveguide core 18 and the 2nd optical waveguide core 19, and is alike and looser than the approach 
using the conventional technique. Therefore, it becomes easy to accumulate semi-conductor optical 
circuit components with two or more I/O optical waveguides on quartz mold optical waveguide. 
[0041] In addition, although the group of two optical waveguides has combined with the flat-surface 
substrate on the same straight line in drawin g 3 at one You may be the group of the optical waveguide 
beyond three or it, and may be the configuration that the optical waveguide combined is formed 
separately. Furthermore, it is good also as a configuration in which the optical waveguide for forming in 
two or more parallel, a radial, etc. the core which the physical relationship of each optical waveguide 
equips with the taper section formed in a clad, and connecting with each taper section is contacted. In 
addition, the physical relationship of the optical waveguide to connect may be the physical relationship 
of other arbitration, moreover, the optical waveguide core 22 - the optical function part of arbitration ~ 
it is -- ****ing — for example, the configuration of an optical switch - or it is not necessary to have 
waveguide structure, and you may be the configuration of an optical filter, and it does not matter 
especially even if it is wavelength dispersion prism etc. Furthermore, in drawin g 1 thru/or drawin g 3 , as 
optical waveguide connection structure, although the cross-section configuration of each optical 
waveguide was explained as a rectangle cross section, even if it is the other cross-section configuration, 
if it is a configuration equipped with the taper section of this invention, the cross-section configuration 
will not be limited especially. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The mimetic diagram showing the transverse-plane condition of the optical waveguide 
connection structure in the gestalt of the 1st operation which (a) requires for this invention, the mimetic 
diagram in which (b) shows the flat-surface condition of (a), and (c) are the mimetic diagrams showing 
the right lateral condition of (a). 

[Drawing 2] The mimetic diagram showing the transverse-plane condition of the optical waveguide 
connection structure in the gestalt of the 2nd operation which (a) requires for this invention, the mimetic 
diagram in which (b) shows the flat-surface condition of (a), and (c) are the mimetic diagrams showing 
the right lateral condition of (a). 

[ Drawin g 3] The mimetic diagram showing the transverse-plane condition of the optical waveguide 
connection structure in the gestalt of the 3rd operation which (a) requires for this invention, the mimetic 
diagram in which (b) shows the flat-surface condition of (a), and (c) are the mimetic diagrams showing 
the right lateral condition of (a). 

[DrawingA] (a) and (b) are the schematic diagrams of the conventional optical waveguide connection 
structure. 

[Description of Notations] 
The 1 st optical waveguide 
b The 2nd optical waveguide 
c The 1st optical waveguide 
d The 2nd optical waveguide 
e The 3rd optical waveguide 

A Optical waveguide (the 1st optical waveguide, the 2nd optical waveguide) 
1,6, 12, 21 Flat-surface substrate 
2, 5, 15, 20 Undershirt clad 

3 Optical Waveguide Core (1st Core) 

4 Optical Waveguide Core (2nd Core) 
7, 13, 16, 17 Taper section 

8 Exaggerated Clad 

9 Undershirt Clad 

1 0 Optical Waveguide Core (2nd Core) 

1 1 Optical Waveguide Core (1st Core) 

18 1st Optical Waveguide Core (1st Core) 

19 2nd Optical Waveguide Core (1st Core) 
20a Heights 

22 Optical Waveguide (2nd Core) 



[Translation done.] 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



11/21/2006 



JP,2002- 122750, A [DRAWINGS] 



Page 1 of 3 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 




[Drawing 2] 
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